Rectification is used in almost all the processes of refinery and petrochemical industries. In most cases light fractions or individual components in the bottom of rectification towers are significantly higher than the thermodynamic equilibrium. The reason for this is that in the specified heat supply to the distillation residue of the fractionating tower and its specific volume, the boil-up rate of the light fractions or of some hydrocarbons is lower than the required value. The authors prove that the injection of the surface active agent in a feed stream of the fractionating tower in optimal concentration aimed at the potential content of the bottom product doubles the boiling rate of the residual light fractions in the distillation residue of the fractionating tower. It reduces the residual content of the light components in the bottom of rectification towers and improves quality of the previous fraction. The described effect has an industrial approbation. The result can be used in the running of fractionating towers for various purposes.
Introduction
Rectification process is widely used in oil refining and hydrocarbon processing industries [1] [2] [3] [4] [5] [6] [7] . The process is used while primary crude oil and gas processing for straight-run fractions or the individual components which are further used as a raw material for motor fuel or in the oil refining industry [6] . The rectification process is also very important for stabilization of the end products [3] .
The theory and sphere of usage of the rectification process in the refining and hydrocarbon processing industries are described in the detailed in the following papers [1] [2] [3] [4] [5] [6] [7] .
The degree of the distillate take off from the potential content is very important in the work of the rectification columns of various purposes [1, 2, 5] . For example, for atmospheric distillation of oil to light fractions the acceptable is light distillates take off from the potential content at the level of 88-92% [6] . For stabilizer columns the acceptable is loss of the distillate with the bottom product at the level not more than 5% [3] .
Today losses of distillate with the bottom product of the rectification column is reducing by increasing the percent of the distillate in the inlet stream of the unit or by increase of the operating temperature of bottom [1] [2] [3] [4] [5] [6] [7] . These ways of reducing the losses of the distillate with the bottom product are mainly applicable for review of the full rectification column operation. It is for example applicable for operation of the stabilizer columns. Some rectification columns have limits of the heating temperature of feed stream and operating temperature of the bottom parts [3] [4] [5] [6] [7] . The limits are normally determined by the thermal destruction temperature of the components of the feed stream of the rectification column. The example of such rectification columns are atmospheric distillation columns of oil and regeneration of water saturated glycol columns of the Integrated Gas Processing Units. The proposals for reduction of the distillate losses given in the scientific and technical literature [4, 6, 7] for the rectification columns do not provide the significant efficiency improvement of the bottom part of the units.
The existing losses of the distillate with the bottom product of the rectification columns is related to the considerable excess of the thermodynamic equilibrium content of the light weight components in it [1, 2] . It is caused by insufficient volume of the bottom part of the rectification column and boil-up rates of the components which must be transferred to distillate [2] . The excess of the distillate in the bottom product of the rectification column reduces the quality of the product and have negative impact on the material balance in the refinery and hydrocarbon processing companies [1] [2] [3] [4] [5] [6] [7] .
So it is a very important issue to develop the ways of reducing losses of the distillate with the bottom product of the rectification columns not related to stiffening of the temperature conditions.
A factor analysis influencing the efficiency of the bottom part of the rectification column is presented in the paper. A way of the operations efficiency improvement without temperature conditions change is proposed. The results of the laboratory surveys and pilot testing of the proposed solutions are given.
Theoretical part
The authors made an analysis of the bottom part of the unit for selecting the alternative way of reducing the distillate losses with the bottom product in the rectification column.
The efficiency of the bottom part of the rectification column can be defined by the number of the distillate components which penetrate into this part of the unit, by the residence time of the bottom product, boil-up rate of the distillate components and heat supply intensity [1] [2] [3] 5] . A set of the specified indicators characterizes a degree of approximation of the distillate content in the bottom product of the rectification column to the thermodynamically equilibrium [2] .
Number of the distillate components penetrating into the bottom part of the rectification column depends on the percent of distillation at the unit entry [1] [2] [3] 5] . The indicator is defined by the temperature of the feed stream entry. In many cases the temperature of the feed stream entry is close to the maximum acceptable value provided by the process procedure [6] .
The period of the bottom product residence in the bottom part of the rectification column is defined the capacity of the unit and its geometry parameters [3, 5] .
The intensity of the heat supply to the bottom product of the rectification column is defined by the characteristics of the used heating equipment [5, 6] . In some cases the temperature of the bottom of the rectification column may be significantly increased [3] .
The boil-up rate of the distillate components from the bottom product depend on the thermal-physical properties (latent hear of vaporization, boundary tension between fluid and vapour phases) and the intensity of heat supply to the bottom of the rectification column.
Based on the above the efficiency of the bottom part of the rectification column is mainly characterized by the boil-up rate of the distillation components from the fluid volume in this part of the unit. The boil-up rate of the distillation components is defined by the heat balance of the bottom part of the rectification column.
For a more detailed analysis of the dependency of the boil-up rate of the distillation components from the bottom part of the rectification column on the heat supply the following heat balance equilibrium shall be considered:
where: Q -heat amount supplied to the liquid volume in the bottom part of the rectification column per a time unit; Q 1 -heat amount needed for boil-up of the distillation components per a time unit; Q 2 -heat amount needed for vapor phase bubbles in the liquid volume (vapor-liquid interface). Based on the data given in [5, 8] the heat amount needed for boil-up of the distillation components from the liquid volume in the bottom part of the rectification column per a unit time may be described as follows
where: G -number of the distillate components boiling-up from the bottom part of the unit per a time unit;  -latent heat of vaporization of the distillation components.
Heat amount used for vapor phase bubbles in the liquid volume [9] (interface of vapor and liquid phases), may be described as follows where:  -interfacial tension between liquid and vapor phases in the liquid volume; S -total surface area of the bubbles of vapor phase in the liquid volume. With regard to formulas (2) and (3) distillate boil-up rate from the liquid volume in the bottom part of the rectification column which is characterized by its mass flow per a time unit, based on the formula (1) may be expressed as follows:
The expression (4) proves that the distillate boil-up rate in the bottom part of the rectification column is defined by the intensity of heat supply to the bottom part of the unit and by the thermal-physical properties of the distillate (latent heat of vaporization, boundary tension between liquid and vapor phases). The expression shows that boil-up of the distillation components may be accelerated by the reduction of the boundary tension between liquid and vapor phases in case of no possibility of increasing the temperature of the bottom part of the rectification column.
A way of gas-liquid interfacial tension reduction by injection of a surfactant is proposed in the papers [10, 11] . Nickel sulphate of synthetic fatty acid Ni(RCOO)2 (where R = С 9 ÷ С 15 ) was used as a surface active agent. Feeding of a surfactant in the amount not more than 50 ppm into the liquid volume reduces its interfacial tension with the air by 50%. The testing results by the example of the systems glycol-air, n-hexane-air, oil-air and straight-run petrol-air are presented.
In the paper the authors will examine the influence of the surfactant (Ni(RCOO) 2 ) on the boiling process.
The results of the laboratory tests on the influence of surfactants on the boiling process
The authors made a set of the laboratory surveys on study of the influence of the surfactants on the boiling process to assess the accuracy of the analytical surveys and the applicability of the conclusions made on the basis of the expression (4), for improving the efficiency of the bottom part of the rectification column. The laboratory surveys were bases on the hydrocarbon fluids distillation with and without surfactants at the controlled heat supply to its volume. The goal of the distillations was definition and comparison of the boil-up rate of the components from the liquid volume with and without surfactants.
The influence of the surfactants on the boil-up rate of the individual hydrocarbons from the specific volume of the liquid phase and low-boiling components from the binary and multi-component mixtures were considered while the laboratory surveys.
Adding of a surfactant Ni(RCOO)2 reduced the interfacial tension.
The optimum concentration of Ni(RCOO) 2 was defined on the basis of the results of surveys on definition of the maximum reduction of the liquid-air interfacial tension at the temperature of 20°С. N-hexane, cyclohehane and benzol are used as individual hydrocarbons. Distillation was made from the flask put into the thermostat. Use of the thermostat ensured the heat supply. The distillation temperature was maintained at the level of 6°С higher than the boiling point of the individual hydrocarbons. The distillation time in each case was 30 minutes. The survey results can be seen at the Table 1 .
Glycol mixtures with 5% wt. water were used as binary mixtures. The distillation was also made with use of the thermostat. The distillation temperature was maintained at the level of 140°С. The distillation for each binary mixture was performed to the residual content of water in the glycol at the level of 1% wt. The survey results are shown in the Table 2 .
Shaim oil and its straight run gasoline (TBP-180ОC) was used as a multicomponent mixture. The distillation was made as per the Engler test up to 100°С. The intensity of heat supply while the distillation of the named multi-component mixtures with the surfactant was similar to the distillation without the surfactant. The survey results are shown in the Table 3 . The laboratory results shown in the Tables 1-3 show that the reduction of the vapor-liquid interfacial tension ensure increase of the boil-up rate of the individual hydrocarbons from the liquid phase and low-boiling components from the binary and multi-component mixtures at a regular heat supply. It happens as a result of reduction of heat needed for bubbles formation in the liquid volume (vapor-liquid phase interface tension). Use of Ni(RCOO) 2 as a surfactant in the optimum concentration lead to two fold increase (on an average) of boil-up rate of the hydrocarbon components.
The results of pilot testing of the influence of surface active agents on the boiling process
The determined effect of boil-up rate increase of the hydrocarbon components at the regular heat supply with the surfactant was inspected by the authors within the pilot testing of the rectification columns where there is no possibility of increasing the bottom temperature higher that the definite value. As it was stated before the example of such rectification columns is atmospheric distillation and regeneration of water saturated glycol columns. Nickel sulfate of synthetic fatty acid Ni(RCOO) 2 was used as a surfactant while the pilot testing.
A surfactant was injected into the feed stream of the rectification column in the concentration calculated for the potential content of the bottom product. Ni(RCOO) 2 concentration for the atmospheric distillation column was 37.75 ppm and for the regeneration of water saturated glycol column it was 25 ppm.
The process parameters of the rectification columns were kept constant while the pilot testing.
Assessment [7] .
The results of the pilot testing of the atmospheric and water saturated glycol regeneration columns shown in the tables 4 and 5 prove the correctness of the decisions made while the analytical and laboratory surveys on increase of the boil-up distillation temperature from the bottom part of the rectification column in the presence of the surfactant. Input of the optimal concentration of Ni(RCOO) 2 surfactant into the feed stream of the rectification column, calculated for the potential content of the bottom product, ensured 4.5% wt. increase of the light fractions from the potential content of oil while its atmospheric distillation (table 4) and allows obtaining the regenerated absorbent with the glycol concentration at the level of 99.4% wt. (table 5 ). The temperature of the unit remains the same in each of the reviewed cases. The presence of the surfactant in the bottom product of the considered rectification columns allows significantly improve the purity of the bottom product vs. the values of the optimum distillation content which are given in the scientific and technical literature [6, 7] .
Conclusion
In the paper the authors showed that the losses of the distillate with the bottom product of the rectification column of various purposes may be significantly reduced while performance of the process at the presence of surfactants in the feed stream of the units. Selection of the concentration of the surfactant in the feed stream of the rectification column must be performed on the basis of the surveys on influence of the bottom product on the interfacial tension with air. Input of the definite concentration of the surfactant into the feed stream of the rectification column is recommended from the point of the potential content of the bottom product. Use of nickel sulfate of the synthetic fatty acid Ni(RCOO)2 (where R = С 9 ÷ С 15 ) as a surfactant is shown for the rectification process.
Use of the surfactant in the rectification process increases the boil-up rate of the distillation components from the bottom product in the lower part of the unit two times on an average. It is explained by reduction of some heat spent for vapor-liquid interfacial tension in the bottom part of the unit and facilitating of the distillate components transfer from the liquid to vapor phase as a result of reduction of vapor-liquid interfacial tension. The effect from the presence of the surfactant in the liquid volume of the bottom part of the rectification column makes the process of the distillate boil-up close to the thermo-dynamic equilibrium at a definite time of mixture presence in the bottom part of the unit and a definite heat volume supply.
Implementation of the proposed engineering solution into the operation of the rectification columns will ensure considerable reduction of the distillate losses with the bottom product. It will make the material balances of refining and hydrocarbon processing companies close to the design parameters and will reduce the by-products of many processes.
